We analyzed the method of exhaustive hybridization of single-stranded DNA and derived a general relationship between the fraction of the probe DNA hybridized and the sizes and copy numbers of the segments of the viral genome integrated in cellular DNA. The equations employed can be used to analyze integrated DNA comprised of overlapping and nonoverlapping segments of the viral genome. Using these equations, we analyzed the adenovirus type 2 DNA content of a series of hamster cell lines transformed by adenovirus type 2 and several adenovirus type 2-simian virus 40 hybrid viruses. We found no evidence that the integrated viral DNA is comprised of overlapping segments. However, the number of copies of the integrated segments varies between lines cloned from the same transformed isolate, and copy numbers change during in vivo passage of transformed cells.
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To relate the integration of viral DNA to the biological properties of virus-transformed cells, it is of interest to determine the fraction of the viral genome which has been integrated in cell DNA, whether the integrated DNA consists of overlapping or nonoverlapping segments, and the number of copies of these segments. A method for determining the number of copies of integrated viral DNA in transformed cells by exhaustive hybridization of a single-stranded viral DNA probe was described by Khoury et al. (5) . However, this method is inadequate when the integrated viral DNA is comprised of multiple copies of incomplete viral genomes.
We reanalyzed the method of exhaustive hybridization of single-stranded DNA and devised a more general relationship between the fraction of the probe DNA hybridized (F) and the sizes (Xi) and copy numbers (Ni) of the segments of the viral genome integrated in the cellular DNA. The relationship can be expressed as follows: F = 7XXIN/(NM + R) (equation 1), where R = 2CoW'/Co'W, Co' and Co are the initial concentrations of the probe (viral) and driver (cellular) DNAs, respectively, and W" and WRI are the equivalent weights of the probe and driver DNAs. If the integrated viral DNA is comprised of multiple overlapping segments of the viral genome, equation 1 predicts that a plot of 1/F against R will be nonlinear, with a limiting intercept of l/lXi and a limiting slope of 1/1N-Xi. NT a These data show the size (percentage of the Ad2 genome), the copy number (number of copies of integrated viral DNA per cell), and the product (viral genome equivalents per cell) of the integrated Ad2 DNA in the indicated cell lines. These data were obtained by exhaustive hybridization of singlestranded Ad2 DNA probes; the numbers shown were determined by a least-squares analysis using equation 2. Hybridization conditions are described in the legend to Fig. 1. b These data show the Ad2 DNA content in cellular DNA as determined by the increase in the rate of reassociation of denatured double-stranded Ad2 DNA when reassociation was carried out in the presence of the indicated cellular DNAs (data from Breeden et al.
[1]).
NT, Not tested. viral genome was present in the transformed cell ( Fig. 2A) and one in which the viral genome was nearly complete (Fig. 2B) . It is evident from Fig.  1 that if the integrated viral DNA is comprised of overlapping segments, extrapolation of a linear plot of 1/F against R may lead to underestimates of the size of the integrated viral genome. Thus, when the segment size (X) is significantly less than unity, it is necessary to estimate its value at low values of R. Three examples of this situation are shown in Fig. 2A When the value of X approaches unity, it is evident that the observed slope must necessarily be the limiting slope. This appears to be the case for ND2HK2C3, ND2HK3Cl, and possibly ND2HK2C4 (Fig. 2B and Table 1 ). In no instance is there any indication of overlap; however, since the extrapolated value of X for ND2HK2C4 appears to be less than unity, it is possible that hybridization at lower values of R might depart from linearity and yield a larger value for X.
These results indicate that cells stably transformed by Ad2 or by nondefective Ad2-SV40 hybrid viruses contain varying amounts of integrated viral DNA, in agreement with observations in other laboratories (2, 3, 9) , and that the integrated DNA is not comprised of overlapping segments of the viral genome. Moreover, our data indicate that the DNA copy number may vary significantly in clonal lines derived from the same transformed isolate. Finally, these results, together with our original study of viral genetic expression in the same cell lines (1), indicate that a large proportion of the integrated 5.
.
3. 'Ao that of (B). One point for ND2HK1C2 was determined at R = 3.5. Hybridizations were carried out as described in the legend to Fig. 1 
